Aim: Aim of the study is to evaluate the depth of penetration of different types of desensitizing agents into the dentinal tubules in vivo.
INTRODUCTION
Cervical dentin hypersensitivity (CDH) can be defined as an exaggerated response to the stimulation of vital dentin exposed to the oral environment, which causes extreme discomfort and is characterized by short-term, acute pain of variable intensity. The CDH occurs in response to thermal, volatile, tactile, osmotic, or chemical stimuli that cannot be attributed to any other type of defect or dental pathology. These distressing stimuli can be produced by the ingestion of hot or cold food and beverages, acidic foods, sometimes by toothbrushing. This sensation (pain) can be localized or generalized, affecting one or more tooth surfaces and generally ceases immediately after removal of the stimulus. 1 The etiology and mechanisms underlying the development of dentin hypersensitivity have not yet been well explained. Various theories have been propounded in an attempt to explain the mechanism involved in the generation of pain and transmission of the stimuli through dentin out of which Hydrodynamic Theory [Brännström (1966) is most accepted. This theory claims loss of overlying enamel and/or cementum results in the dentinal tubules barely exposed to the oral environment, and then the presence of certain stimuli causes the displacement of fluids within the tubules, indirectly stimulating the pulp nerve endings and causing the sensation of pain. According to this theory, if the radius of opened dentinal tubules can be reduced, then the permeability of the dentinal tubule is also reduced, 2 thereby the sensitivity is decreased. Thus, treatments for hypersensitivity should occlude the open dentinal tubules and prevent nerve sensitivity. 1, 3 Other methods include nerve desensitization (by using potassium nitrate) and laser. The degree of dentinal hypersensitivity can be clinically evaluated by thermal stimulus, air blast, or tactile sensation, and the patient's response can be detected by visual analog scale. But the degree of response varies from patient to patient as different patients have different degrees of tolerance. That is why it is not a very reliable method to detect the degree of sensitivity and how much the sensitivity is reduced after the desensitizing therapy. But if the degree of penetration of the desensitizing agents into the dentinal tubules can be measured, then it can be a criterion for long-standing action and success. The depth of penetration of the desensitizing agents into the dentinal tubules should be an important criteria in long-term success of the treatment because deeper the penetration of desensitizing agents into the dentinal tubules, longer the efficacy.
Therefore, the purpose of the study is to determine the depth of penetration of four different desensitizing agents within the dentinal tubules.
MATERIALS AND METHODS
This research was conducted after being approved by the Institution's Ethical Committee on Research involving human beings following the principles of Helsinki declaration by the World Medical Association. The patients signed a form of free and informed consent and were informed of the events during and after the study.
Twenty patients who require extraction for orthodontic purpose (four maxillary and mandibular first premolars) were selected. In each patient, four teeth are treated with sodium fluoride, Gluma, SuperSeal, and FluorProtector respectively. The materials used in the present study are tabulated below: • All the compositions are written as per manufacturer's information.
SELECTION OF PATIENTS Inclusion Criteria
• Patients for orthodontic treatment who require extraction of premolar teeth • Young adults of second and third decade
Exclusion Criteria
• Patients presently on desensitizing treatment • Tooth with carious lesion • Tooth with gingival recession, detectable fracture/ crack • Tooth with abrasion/erosion/abfraction • Tooth with exposed dentinal tubules (preoperatively) • Subjects with preexisting orthodontic appliances or fixed partial denture that may interfere with the study Oral prophylaxis was done on selected patients. Rubber dam was used to isolate the premolar tooth to be treated. Class V cavity was prepared on the buccal surface of first premolar of either side of both arches (occlusal wall 4 mm, gingival wall 3 mm, axial wall 1.5 mm, and axial depth 0.5 mm).
Four teeth of each patient were placed into four different groups randomly.
Group I − 5% sodium fluoride Group II -Gluma (resinous desensitizing agent) Group III -SuperSeal (potassium oxalate solution) Group IV -FluorProtector (fluoride varnish) All the desensitizing agents were applied on the prepared class V cavity for 1 minute and repeated for thrice with 1-minute interval. The teeth were then extracted after 48 hours and stored in normal saline. Then the cervical region of the teeth were sectioned longitudinally by diamond disk and the specimens were dried and placed on aluminum stub by using a carbon putty. Then aluminum stub with the specimens were placed in a gold splutter coater machine for 100 seconds to coat the mounted specimens in gold before they go into the scanning electron microscope (SEM). Then the samples were examined with SEM to determine the depth of penetration of desensitizing agents within the dentinal tubules.
RESULTS
In the SEM, it was observed that the depth of penetration of sodium fluoride into the dentinal tubule was very less (Fig. 1) , followed by FluorProtector (Fig. 2) , SuperSeal (Fig. 3) , and Gluma (Fig. 4) . The depth of penetration of Gluma and SuperSeal was much higher than sodium fluoride and FluorProtector.
From the SEM study, the data regarding the depth of penetration of four desensitizing agents were obtained. Statistical analysis was done. 
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Statistical Analysis
Statistical analysis was performed with help of Epi Info™ 3.5.3. Epi Info is a trademark of the Centers for Disease Control and Prevention.
Descriptive statistical analysis was performed to calculate the means with corresponding standard deviations (SDs). Also, one-way analysis of variance (ANOVA) followed by Tukey's test was performed with the help of critical difference (CD) or least significant difference at 5 and 1% level of significance to compare the mean values; p≤0.05 was taken to be statistically significant.
Mean ± SD, median, and range of depth of penetration (in µm) of different types of desensitizing agents are shown in Table 1 .
The ANOVA showed that there was significant difference in depth of penetration of different types of desensitizing agents in first round experiment (F 3,13 = 10.84; p = 0.0007) ( Table 2 ).
The depth of penetration of different desensitizing agents in µm are shown in Graph 1.
Differences of Mean
As per the CD, the mean depth of penetration of SuperSeal was significantly higher than that of sodium fluoride (p<0.05) and mean depth of penetration of Gluma was significantly higher than that of sodium fluoride (p<0.01). No Table 3) .
DISCUSSION
This study was performed to evaluate the depth of penetration of different types of commercially available desensitizing agents within the dentinal tubule. The exposed patent dentinal tubule is considered the morphological etiology of dentin hypersensitivity; in vivo studies revealed 4,5 the "hypersensitive" dentin
has more widely open tubules as compared with "nonsensitive" dentin. The wider dentinal tubules increase the fluid movement and thus increase the pain/sensitivity response. [6] [7] [8] According to hydrodynamic theory, if the functional radius of opened dentinal tubules decreases, the permeability is also decreased, reducing dentin sensitivity. Occluding dental tubular agents can create a barrier by precipitating proteins and calcium/ phosphate ions on the surface or within the tubule orifice. 9 The degree of desensitizing activity increases with the increase of depth of penetration, because if the penetration level is less, there is chance of removal of deposits by brushing or dietary acids, but if the penetration level is more within the dentinal tubule, the brushing or dietary acids can't easily remove it; it can occlude the dentinal tubule better and thereby give more desensitizing effect. 10 The SEM study showed a wide range of depth of penetration within the dentinal tubule.
In the present study, Gluma showed highest depth of penetration [(101±31.75) > SuperSeal (73.05±33.60) > FluorProtector (21.23±8.91) > sodium fluoride (9.03±3.41)]. From the result, it was found that the depth of penetration of SuperSeal and Gluma is significantly higher than FluorProtector and sodium fluoride.
Gluma desensitizer (Heraeus Kulzer, Hanau, Germany) contains Hydroxyethyl methacrylate (HEMA), benzalkonium chloride (BAC), glutaraldehyde, and fluoride. Glutaraldehyde reacts with the serum albumin in the dentinal fluid, causing its precipitation; HEMA forms deep resinous tags, which occlude the dentinal tubules. 8, 11 The BAC is an antiproteolytic agent with inhibitory effect on dentin matrix metalloproteinases (MMPs). The MMPs cause the degradation of collagen network of dentinal matrix and are responsible for dentin erosion and hypersensitivity. The BAC molecule binds strongly to demineralized dentin even after rinsing; thereby, it remains viable in the hybrid layer and exerts its anti-MMP properties. 12 The presence of a dentinal smear layer had no appreciable effect on dentin sensitivity responses for Gluma (Felton 1991 15 Oxalates can occlude the dentinal tubules by reducing the permeability. Thirty percent (30%) potassium oxalate had shown a 98% reduction of dentinal permeability. It has been shown that topical application of 3% potassium oxalate reduced hypersensitivity following the periodontal therapy. The oxalate ions react with the calcium ions of dentin-producing calcium oxalate crystals inside the dentinal tubules and also on the dentinal surface, resulting in a better sealing. The fluoride is dissolved in an organic solvent, which evaporates after application, leaving a thin layer of the material covering the exposed tooth surfaces. The mechanism of action is the deposition of calcium fluoride on the tooth surface, with the formation of fluorapatite. 1, 8 The sodium fluoride solution deposits calcium fluoride crystals inside the dentinal tubules as well as on the dentin surface and thereby decreases the dentinal permeability. These crystals are partially insoluble in saliva. But these fluoride precipitates can be easily displaced and ultimately removed by oral fluids or can be mechanically removed by the action of toothbrush, which may explain the transitory action of this barrier. 3, 8 
CONCLUSION
• In this study, the depth of penetration of resinous desensitizing agent (Gluma) is maximum followed by potassium oxalate solution (SuperSeal) and fluoride varnish (FluorProtector).
• Desensitizing effect of resinous desensitizing agent (Gluma) should be more than potassium oxalate solution (SuperSeal), fluoride varnish (FluorProtector), and sodium fluoride.
• Long-term clinical studies are required to correlate between in vitro and in vivo studies.
